ABSTRACT The objective of the work was to investigate the effect of modified atmosphere (MA) packaging (high oxygen modified atmosphere and vacuum) on pH, water holding capacity and cooking loss of raw goose meat, and on the sensory assessment and shear force of roasted meat. Samples refrigerated at 1
INTRODUCTION
The taste values of goose meat are prized on Euromarkets. White Ko luda R goose is regarded as one of the specialties of Polish farming, and over 90% of its production goes to the German market. Polish goose meat is produced in Poland with the use of W-31 hybrids; in particular, orginating from the breed combination of ♂ W-33 x ♀ W-11. White Ko luda R goose is characterized by good meat rates, e.g., high percentage of protein in meat or its satisfactory tenderness (Biesiada-Drzazga et al., 2011) . Goose meat shows a high nutritional and sensory quality due to its specific nutrition, including whole oat grain feeding, as well as conditions in which the geese are kept, i.e., with the use of open-air runs and grassland (Buza la et al., 2014) . Goose meat is generally consumed as various roasted or grilled products.
It is generally known that the functional and sensory attributes of meat are influenced by the following factors: microorganisms, pH, muscle type and its biochem- For the customers, appearance is the major factor for purchase selection and initial evaluation of meat quality. Other quality attributes, such as pH, cooking losses, water holding capacity, taste, smell, tenderness and juiciness are important for the consumers after purchasing the product, as well as for the processors when producing meat products. This is because, none of these parameters are visible to the consumer in the shop, prior to buying.
Modified atmosphere packaging (MAP) is commonly used in the food industry to maintain the quality and extend the shelf life of fresh chilled meat. MAP can be classified into two main categories, namely, low oxygen modified atmosphere (MA), including vacuum packaging and high oxygen modified atmosphere. For meat packaging in high oxygen modified atmosphere a gas composition of 70% to 80% oxygen and 20% to 30% carbon dioxide is generally used (Fernandes et al., 2014; Santos et al., 2015) . In Europe and North America, approximately 80% of fresh and processed meats are packed under vacuum or modified atmosphere (Brody, 2007) . Vacuum packaging provides anaerobic conditions which extend both the microbiological and the oxidative shelf life of goose meat, whereas packing in the 2988 high oxygen modified atmosphere caused loss of sensory quality of meat, and thus shortened its shelf life (Orkusz, 2017) . According to many authors, the use of high concentrations of oxygen can promote protein oxidation which reduces the tenderness and juiciness of the meat (Lund et al., 2007 (Lund et al., , 2008 Clausen et al., 2009; Zakrys-Waliwander et al., 2012; Santos et al., 2015) .
Few studies have been published on the possibility of using modified atmosphere to extend the shelf life of refrigerated goose cuts (Krala, 1985; Orkusz et al., 2013 Orkusz et al., , 2015 Orkusz et al., , 2017 Damaziak et al., 2016; Orkusz, 2016 Orkusz, , 2017 . Up till now, research performed on goose meat packed and stored in MA (including vacuum) focused in particular on the color evaluation, lipid oxidation changes and determination of microbiological quality.
There is little data on the effect of prolonged storage in modified atmosphere on the functional properties of goose meat. Therefore, this study was conducted to investigate the effect of MAP (vacuum and high oxygen modified atmosphere) on pH, water holding capacity and cooking loss of raw goose meat, and on the sensory assessment and sheer force of roasted meat.
MATERIAL AND METHODS

Meat Preparation
The experimental material constituted the breast (pectoralis major) muscles (with skin and without bones, average weight ± 0.5 kg) deboned 24 h after slaughter from the 17-week-old industrially slaughtered White Ko luda R female goose. All birds came from one farm and were bred under the same conditions. White Ko luda R geese were fed in a semi-intensive system up to the 17 th week of age. Their nutritional intake up to the 14 th week was mostly green forage and cereal grain with a small addition of concentrate feeds. Up to the 17 th week of age geese were fed only with oats provided ad libitum (Czechlowska and Bielińska, 1993) .
The randomly chosen samples were individually packaged on site using the Multivac packaging machine type Germany) • C. Goose breast muscles were examined and divided into the following groups:
(1) Control group-fifty unpacked muscles were used for fresh sample analysis carried out 24 h after slaughter, and were used as initial values for both atmosphere types; (2) Vacuum packed samples-which included muscles packed under vacuum (99% vacuum is equal to 1.3 KPa);
(3) MA packed samples-which included muscles packed under modified atmosphere consisting of 80% O 2 , 20% CO 2 .
Four terms of analyses were applied in groups (2) and (3) depending on the storage time: T 4 -after 4 days; T 7 -after 7 days; T 11 -after 11 days; T 14 -after 14 days. In this way 9 groups with 5 replications were obtained, i.e., one control group (T 0 -storage time 0) and eight experimental groups: MA T4 ; MA T7 ; MA T11; MA T14 ; V T4 ; V T7 ; V T11 ; V T14 . For storage time: 4, 7, 11 and 14 days twenty five muscles were investigated.
The pH values of muscles were measured using a digital Metrohm pH-meter 654 series (Metrohm Ltd. CH-9100 Harisau, Switzerland), equipped with a combination type of pH spearhead electrode-Double Pore Slim (Hamilton Company, Reno, USA).
The water holding capacity (WHC) was determined according to the procedure described by Wierbicki et al. (1962) . It was expressed as a percentage of water absorbed by meat.
The cooking loss was determined according to a procedure described by Kotter et al. (1968) . It was expressed as a percentage with respect to the initial muscle weight.
The roasted muscles were prepared in the following way: whole breast muscles were wrapped in aluminum foil and roasted at 180 o C to 85 o C in the center of samples. Next they were cooled and stored at 4
• C for 24 h until examination.
Texture was determined as shear force as follows: cylindrical pieces (2.54 cm diameter and 1 cm height) were cut from roasted muscles, and cores were sheared once through the center using the Warner Bratzler head (speed 50 mm/min.) attached to an Instron 5543 universal testing machine (Instron, England). The shear force value was the mean of the maximum force required to shear test each core sample. Results were expressed in Newtons (N).
Initial total counts of bacteria in samples packed in MA reached the value of 7 log CFU/g, which is considered the upper acceptability limit for fresh poultry meat (ICMSF, 1986) on the 14 th storage day (Orkusz, 2017) . Therefore, the sensory assessment of samples packed in modified atmosphere was given only to the 11 th day. Sensory assessment of roasted goose breast meat was carried out at the sensory laboratory with all requirements according to the international standard (ISO, 1988) . Seven trained assessors participated in sensory evaluation. A 10-point scale was used, where 0 means "not at all" and 10 means "very much so". The intensity of descriptors was expressed in conventional units (CU) (Stone et al., 1974 and 1980) . The following descriptors were determined: characteristic odor and flavor for roasted meat, tenderness (easiness whereby the meat is divided during chewing), juiciness (amount of juice in the mouth after five chews) and general evaluation.
ORKUSZ Table 1 . Mean values (± standard error) of pH, water holding capacity (WHC), cooking loss of the goose breast muscles packed in modified atmosphere and vacuum and stored at +1
• C for up to 14 days. 
Statistical Analysis
Statistical analysis of the obtained data was performed using the Statistica software program, version 12.0 (Statsoft, Inc 2012) by calculating arithmetic means and standard errors. The effects of the packaging atmosphere and particular storage time within analyzed atmospheres were determined by ANOVA twoway analysis. In the two-way analysis of variance for all variables, both main effects (atmosphere type, storage time) and interaction between them were significant. Therefore, the averages were analyzed using the Duncan's post hoc test (P < 0.05) comparing all subgroups created from the intersection of rows (atmosphere type) and columns (storage time).
RESULTS
Changes with advancing storage time and effect of packaging method on pH, water holding capacity, and cooking loss are shown in Table 1 .
Storage time and the atmosphere type influenced the pH values of goose meat (Table 1 ). An increase in pH values was noticed within 14 days of storage for samples packed both in MA and in vacuum. A significant increase of pH in muscles packed in vacuum and MA was noticed, respectively on the 4 th and 7 th day of storage, in relation to the values noticed in unpacked samples. The differences in pH values between these 2 types of packaging were noticed on the 4 th day of storage. At the end of storage, meat packed in MA had the lower pH values, compared to the meat stored in vacuum (Table 1) .
The water holding capacity gradually increased in the meat up to the 14 th day, by 12.35% stored in MA and 26.56% stored in vacuum (Table 1) . The WHC after 24 h amounted to 57.83%. On the 14 th day of storage WHC for samples packed in MA and in vacuum was respectively on the level: 64.97% and 73.92%. The increase of WHC in muscles packed in vacuum and MA was noticed respectively on the 7 th and 11 th day, in relation to values denoted in unpacked samples. A significant influence of the packaging atmosphere on WHC was registered on the 11 th day. The storage time and atmosphere type had an effect on the cooking loss in the samples during storage. The changes of cooking loss in vacuum packed muscles depended on the WHC. From the 7 th to the 14 th day, with the increase of WHC in muscles, the decrease of cooking loss was observed in the samples. There was no change in cooking loss in samples packed in MA through the storage time. At the end of storage, meat packed in MA was characterized by the higher cooking loss compared to the samples stored in vacuum (Table 1) . Similarly to WHC, the effect of packaging atmosphere on the cooking loss was noticed on the 11 th day of storage in the examined muscles.
Shear force and sensory assessment of roasted goose breast meat stored in modified atmosphere and vacuum are presented in Table 2 .
Shear force of meat packed in MA rose gradually up to 14 storage day. The shear force increased by 19.41% on the 14 th day, in comparison to unpacked samples. This parameter remained stable with storage time in vacuum conditions. The differences in the shear force between these two types of investigated atmospheres were noticed on the 4 th day of storage ( Table 2 ). The storage time and the type of atmosphere influenced the sensory descriptors (characteristic odor and flavor, tenderness, juiciness and general evaluation) of roasted muscles (Table 2 ). It was noticed that odor and flavor, juiciness and general evaluation decreased gradually in the muscles up to the 11 th and 14 th day of storage, for MA and vacuum packed samples respectively. Tenderness did not change during storage for vacuum packed samples. The significant effect of packaging atmosphere on the tenderness and juiciness was observed on the 4 th day of storage. The differences in the odor and flavor and general evaluation between these two types of packaging atmosphere were noticed on the 7 th day. On the 7 th day, the general evaluation was higher for vacuum packed muscles than for samples stored in Table 2 . Mean value (± standard error) of shear force (N) and sensory evaluation (CU) of the roasted goose breast muscles packed in modified atmosphere and vacuum and stored at +1
• C for up to 14 days. MA. The lower general evaluation of MA packed samples resulted from the lower tenderness and juiciness (Table 2) .
DISCUSSION
The type of protective atmosphere and storage time influenced the pH values of goose meat. During storage, samples packed in vacuum had higher pH values than samples stored in MA. The pH of goose muscles packed both in MA and in vacuum increased gradually up to the 14 th day of storage (Table 1) . The increase of pH in muscles stored in protective atmospheres could be associated with increase of the total number of bacteria and the number of Enterobacteriaceae and Pseudomonas spp. (Orkusz, 2017) . Many types of bacteria produce alkaline compounds, such as ammonia which leads to progressive alkalizing of stored muscle, and thus to pH increase. Several other authors reported pH increase in poultry meat stored both in MA and in vacuum as well (Wongwicharn et al., 2009; Orkusz and Haraf, 2011; Marcinkowska-Lesiak et al., 2015) .
It is well known that meat storage in modified atmosphere with CO 2 concentration causes pH to drop. Carbon dioxide degrades to carbonic acid, thus causing slight acidification of meat (Fraqueza and Barreto, 2009; Wongwicharn et al., 2009) . Differences in the pH of samples stored in MA and vacuum could also be due to a higher stage of oxidative changes in lipids. In the muscles stored in MA, compared to samples packaged in vacuum, a higher content of malondialdehyde was found . Therefore, lower pH of muscles packed in MA could be caused by the accumulation of higher amount of acidic products in these samples, which resulted from lipolysis, lipid oxidation and accumulation of bacterial metabolites.
The WHC increased gradually up to the 14 th day, in samples packed in these two atmospheres. From the 11 th day of storage, meat packed in vacuum was characterized by a higher WHC, in comparison to the samples packed in MA (Table 1) .
Water holding capacity determines the loss or increase of weight during meat processing and storage. Meat with a high WHC loses less meat juice during cooking and roasting, thus retaining better juiciness. This in turn affects its flavor which is undoubtedly one of the most significant qualities of cooked meat as far as the consumer is concerned. For economic reasons, the meat industry works hard to minimize all types of water loss.
Changes in cooking loss in vacuum packed muscles depended on the pH and the WHC. As the pH and WHC increased throughout the time of storage, a decrease in cooking loss was observed. Significant differences in cooking loss muscles packed in MA were not observed during storage (Table 1) .
The shear force showed a tendency to rise with storage for MA, whereas under vacuum the shear force did not change with storage time. Significantly greater shear force values for muscles held in high oxygen MA were noticed from 4 th storage day compared to the vacuum packed samples (Table 2) . Thus, goose meat was tougher in high oxygen MA in comparison to vacuum stored meat.
The sensory results for tenderness agree with the results for the shear force analysis. The sensory panel noticed that from the 4 th day of storage, vacuum packed goose samples were more tender in comparison to the MA packed muscles. Tenderness of the meat stored in high oxygen MA decreased significantly during storage and the difference in tenderness between MA and vacuum increased during storage ( Table 2 ). The oxygen levels used in MA (80% O 2 ) probably affected the promoting of protein oxidation.
Similar effects of high oxygen atmosphere packaging on pork meat tenderness have been reported by Zakrys-Waliwander et al. (2012) and Muhlisin et al. (2014) . These authors noticed lower protein deterioration in vacuum packed muscles than in samples stored in high oxygen MA. Lund et al. (2007) stated that a high oxygen level in modified atmosphere can result in protein cross-linking, inactivation of proteolytic enzyme systems, or a combination of both, and thus reduces tenderness and juiciness of the meat. According to Muhlisin et al. (2014) , the fact that vacuum packed meat shows lower protein deterioration than modified atmosphere packaging samples contributes to the lower counts of bacteria in vacuum packed meat. Previous work of Orkusz (2017) also indicates that vacuum packaging is more effective in inhibiting the total number of bacteria, Pseudomonas spp. and Enterobacteriaceae in goose meat, than MA packaging. Oliete et al. (2005) also noticed no effect of vacuum packaging of calf meat on shear force, which agrees with the present study. Filgueras et al. (2010) showed the absence of protein oxidation in vacuum packed Rhea Americana meat.
On the 11 th storage day, meat packed in MA had poorer sensory quality with respect to odor and flavor, juiciness and general evaluation in comparison to vacuum (Table 2 ). According to Lagerstedt et al. (2011) the difference in flavor might be influenced by the scores for tenderness and juiciness, because it is difficult to disregard the perception of the other attributes at testing.
From the 4 th day, samples stored in vacuum had better sensory evaluation of juiciness than those packed in high oxygen MA. On the 11 th day, in comparison with unpacked samples, the sensory evaluation of juiciness fell by 23.11% for MA and 6.44% for vacuum. Lower juiciness of MA packed meat (Table 2) was possibly due to the higher cooking loss (Table 1) . The high cooking loss may cause the sensation of meat dryness (Clausen et al. (2009 ), Marcinkowska-Lesiak et al., 2015 and Lagerstedt et al. (2011) also showed that the high concentration of O 2 in packaging atmosphere was the determining factor for the worse sensory results of meat compared to atmosphere without oxygen.
In conclusion, the study showed that meat stored in vacuum was characterized by higher WHC and pH, lower cooking loss and shear force, than meat stored under high oxygen MA. Samples packed in MA did worse during sensory assessment with respect to odor and flavor, tenderness, juiciness and general assessment. Thus meat stored under vacuum showed higher productivity and was more tender and juicy. And it is well known that tenderness is the most important for consumers.
